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(57)Abstract: 

PURPOSE: To form a resonator by utilizing the 
cleavage plane of a gallium nitride material by forming 
the layered structure of a laser on a silicon substrate 
by using the gallium nitride material so that the 
cleavage plane of the gallium nitride material can 
become parallel to the cleavage plane of the silicon of 
the substrate. 

CONSTITUTION: A (01-lHace Si wafer 1 and (01- 
12)-face AI203 23 wafer 2 are stuck together. Before 
the wafers 1 and 2 are firmly stuck together, the 
wafers 1 and 2 are temporarily stuck together so that 
the (1 1 1)-direction of Si and (0-1 1 Ddirection of the 
AI203 can become parallel with each other and the 
wafers are heat-treated so that the adhesion 
between the wafers 1 and 2 can be improved. Then, 
after the wafer 2 is polished, an n-type AIGaN layer 3, 
InGaN layer 4, and p-type AIGaN layer 5 are 
successively grown on the wafer 2. Then a ridge is £ \ 

formed so that the (1 1 1ndirection of the Si can t-tfWi 

become parallel to the direction of stripes and p- and n-side electrodes 6 and 7 are formed. 
In addition, a resonator having cleavage planes is formed, because the end faces of the 
layers 3, 4, and 5 become the cleavage planes of AIGaN and InGaN which cleave along the 
(111)-face of Si. 
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[BM] GaN S^iz-fl^fe^T, #S#«BSBS:«A 
i) si-?^-^±^^^ r ^r(Al 2 o 3 ) Btf* 

»i«**tfcaafE±te, GaN 3R*m-t?u-if^*«js^» 
t?*>9, GaN &ttn<D&mffi\z£y&mmwj&tsfrx 

2) SiJWfe*Cr*— /N±*d1»-7r>f T(A1 2 0 3 ) ^ 

^«ffii^t5l:IBU SiOftllHffiiGaN StmofS 
MBW«¥fTfc:**J:5fc, Si^^-/Nffi(Dffi*ffi, A1 2 0 
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[ft#*Il] =i^(Si)^^—^±^yr^ T(A 
U0 3 ) Jg*s^$ixfcS«±f-, gflstfy ^A^(GaN) 

wn-eis—wmmmAWf&zfr, ->y ^^^mmmt 
mt* y * A^^stwaa 5 Wr-c-fc 9 . iMbsf y * 

y% 

[IS*«2] S/y =>-(Si)¥3lSft»*-^Jbfc1»-7T 

[ft*«3] jfriE->y 3^57^-^BS^^y =>>o§? 

— ^ffi^(0001)ffi-efoo-C, ->y ay^x-^if77 

-rr«7^— ^ro3gs*ffiH#/J s v'y =^w[ni] 20 
t7r-f7© [01-10] ^i6)^¥^f t^5H#»wfct). ^ 

flitfy !7A3S$t!fS|-<D(2-l-10)ffiS:*^t LTffil^r 

MffiT?*>S(lll) ffifcStt*ffi-e*0. t77^7|?x 
— ^ffi^(0001)ST-fooT, ->y 3^!>i-/>i:f77 

t77-f T»[-2110] ^fi/^^tfc^Sl^Ulfct), g 
te#y $M.%kttW<D (01-10) ffiSrifciggi: LT/BV^r 30 

Mffi-efcsdii) ®£Sffifcffi-cfc»?, t77^79x 

— ^ffiiOS (01-12) ffiT-fooT, •>!)=y7i-^it7 

7^77x- /N<D*§fi:*rfil!8«* s S'y =>>-(0[iii] 
ir-y-^T'i'TcoL^llO] ^[S]*sspni:^5B8^^fe!?, 
»A3R*f»05 (01-10) ffi£*ig3&<k LTfflV^5 

So 40 

MffiT-foS(lll) t7r^77x 
— ^ffi^S (01-12) Itfcot, •>!)3y7x-/Ntf7 
T^T ?3^N©fSA#(MB«#S<'y =>>CO[lll] 
^1^77^ TO [0~1 11) ^•|6)d5qZff < t^5li#^fct), 

«t & t 2 E*w#i»flc r commas 
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[S*±0>:pJfli#»l #3S91l*^(fc:#y -7A(GaN) 
$m (Alx G ai _ x N , In, G ai - X N ^<DGaN<Sr^— 

[0 0 0 2 J 

GaN 3%o**i|sHi, iffi¥£*b*:Jiiv^fci»W 
*©»3fe^*— K (LED) *»H3lS*L^©Sr»»2: b 

[0003] LED fcflstW-3*&©*£iftl**0>2i*i: b 
-C(i-y-7r-YT(Al 2 03) oJ£££,f|#fflv^e>n, rroSS 
£JH^T#«&Jl^tBj&g(M0VPE) i£ K ,£ t> GaN 
»©<SAfiR*S:isr.'*5ctfcJ:5. A1 2 0 3 tGaN to 
MfcjRll6% t ^^Jr7C# 3fc*^*!9« &5lcb b 

[0 0 0 4] ■FSrffcttLJ: 5 k-fZW&ft, 

if ^^->^/uMO««5ti: LTIiLED tf>4§-& i leHSSlr 

[0 0 0 5] 

M»::i«J»bHfeffi<Sr#M^oit»ffii LTV^^, Al 2 o 

[0 0 0 6] #3§9]tt, GaN U— Ifirio^-C, §?5S 
[0 0 0 7] 

1) i^y =V(Si) !7^— ^±f--y-7r-l'T(Al 2 0 3 ) S/JS 
^$nfc&ffi±»C, gfc#y ->-.MGaN) 5R*W"CU— 

if«>jMiJs*«»*$*b. ->y a^iitift*!) v 

2) ->y =>(Si)*^r 7 ai-/NjilC1?-7r-l'T(Al 

2 0 3 ) ^a-^4r«3|f'b, IrVT^rV^-'^mmL 
UT^rOi^^k^y 17 ^ (GaN) * ItWe w— 

u ->y ^^(ommmtmt^fv ^A**m<o»Mffi*« 

St, fe5v>!4 

3) Mia->y =y9x- ayro§ii-efe5 
(111) SirSB'tffiT-fc"?, i)-7r^T^3i-/>Di>4S(0 
OODffi-C'fooT, •yy3y|>x-/stt77'f7'7x- 

^«*6ft*ffiH«**">y 3^«7?[ni] ^|S]t-y-7ri'T 
ro[0l-l0] *i*j*«spffi:**B8«ir*>9, ^t^/y 
3R»»© (2-1-10) ffiSr*«*t U 1 CfflVN5t«IIE2ia«c<D 
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4) fltriavy a^**— ^sa^y = ^<D%?Mffix3bz> 

(111) Bi»tt4ffi-Cfc0, t77>f7^xwW(0 
00l)®-efeoT, S/J.3y^*-/Ntf7r>f7!?a- 

<D[-2110] *iRi^Wt45BB«fc*>5 f Bflsify^A 
(01-10) ffi«r*aaii:UT«v^ttB"2IEitO 

(in) aBfc«*4ffit?*ft. t7r>f7^xw>ffi^(o 10 
1-12) ffi-cfcoT, e/y3y^x-/>tf7r^7?x 

r^[-2iio] *ni3»$3mi:45Ba«fc*9. £>ffc#y* 
6) miE^y 3^r>m— ^sa^y 3voniBffi-e*>5 

(ill) ffi£»EfcB5-e*>5, t7r^7!?x-/^(o 
1-12) ffitfcot, ixy n V^m— XNt1^^r^Tl>3i 

t(?d[o-iii) jDfaitwfitftzmm^ib*)* mttf})<? 20 

A^*m^(0001)B£*ig*£ UTfflV^«rlB2ia«0 

[0008] 

— /nJi^A1 2 0 3 ^S:«»U A1 2 0 3 

SfUT10AimSft<OffS*T?f»< U ^cD±^ GaN^cD 

ttW<D^K°**Z'*ji>&mmfcl:Z if«3gS:M0VPE 
WT<Oiit)-efc5o 30 

(D i^y ni^oi — /N<Offi*fitdS*MffiT?*)5(lll) B 

tSl^ffi, (01-l)B^(-211)B£fflV^;i 

to 

A1 2 0 3 !>^WNS(Dffi^fa:i^J:oT^:t$H5^i6, > 
y =i^i?^wNO^Wffi-e&S(lll) ffifc^tT**^* 

2 0 3 ^x^OSMW^x-^t^CO^y nyr^ 

^<bM 2 o 3 *}=.—^<Dm£ 3 jjm5&&ffl&-rz>o -r 

*fo*>, GaN <^»BHS5tt(000l)ffi f (01-10) B, (2-1-1 40 

o)ffi(D3otfe!9, c o 5 *>©v ti^s y a (1 
11) Bi3pffteft5J:5»c-f5o 
[00 0 9] ft : Wf-tHlTett. ffi»*tt»tt<0*Ka* 

Z<D£?\Zi/l) =^tD§?BBBi:GaN cD5tPB£¥fTU:i- 
5w<i:K:<fc9, S/y 3^0»B«i4S:*J«UTGaN 3Rttft 

ru-1fo#«»Srff«'e*5o r<oBi:tt, A1 2 0 3 * 
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[0 0 10] 

«>3i-/NffiH:(oi-l)ffiSr«fcto-CttW-f-a* f §$hb 
t?*>5(lll) B5i:SiS*ffi-Cfcixtfte<7?BDSrfflv^Tt>«t 
l\> -t"4fc*>, (-211) BB, (-321) B, (-541) B^m 

[0 0 1 1] ^yaV^x-ZNtAlaOa ^zn— yNCOft^ 

B*«>IS»*ffiBBfllttKT«>J:5K:*ft*. Al 
2 0 3 ^<DB^ (0001) BXV (01-12) ffiCO^idO 

V>Tffc!3*r5tf 5 , f&<DB«rm^#^-T?t>, A1 2 0 3 tGa 

[0 0 12] HJStflJ 1 :A1 2 0 3 ^(^ffitC(OOOl)ffi 

A1 2 0 3 r>^WN<£>B±lw(0001)B£GaN **i6S:jfc«bfc 
4§^tt, GaN O(0001)B^S"f"^o GaN <D (0001) Bt- 
SiS*»BBDBtt (2-1-10) £ (01-10) BBT?S>t>, TifficDAl 

2 o 3 t<oi£&ximm*$iT<Dm*)x*3bz> 0 

[0013] [2-1-10] GaN // [01-10] A1 2 0 3 
[01-10] GaN // [-2110] A1 2 0 3 

bfc/^oT, fl) ^>-(Si) — ^£A1 2 0 3 >>x£ 
[01-10] A1 2 0 3 // [111] Si 

t -TiXfi, GaN CD [2-1-10] B^SiO^UflB t WJj^ft 

[0 0 14] *7t, Si^^.-^<hAl 2 0 3 $ = —^tO>m 
[-2110] A1 2 0 3 // [111] Si 

£-mfc£, GaNCO [01-10] B^SicDftlSB^sj^cift 

So 

[0 0 15] HJfcCT2 : AU0 3 £ x-/><Offi^ (01-12) 
BSrfll^54§^ 

A1 2 0 3 ^—^CD (01-12) B±l-GaN Lfcii 
^tt, GaN CD (2-1-10) B^e^So GaN <D (2-1-10) B 

fcMfc!SMffitt(000l)i: (01-10) ffi-e*>9, TifecDAl 
2 0 3 t<oHgft*ffiB§«ttJWTOii9-e*>So 

[0 0 16] [0001] GaN // [0-111] A1 2 0 3 
[01-10] GaN // [-2110] A1 2 0 3 

Lfc^oT, Si^oi-/Ni:Al 2 0 3 ^x-/Nt^#^ 
[0-111] A1 2 0 3 // [111] Si 

£ -rniX GaN CD [0001] B^SicD^BBB t WKft 9 , 
[0 0 17] Si?;n— >^iAl 2 0 3 ^m-^tcDlg 
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[-2110] A1 2 0 3 // [111] Si 

t1rtlt£ t GaN<D [01-10] ffia*Si<D£BBffi 

[0 0 18] !f«)3tl6«Sr-t(D«ja 

Tte(01-l)ffiSr, A1 2 0 3 /Nffiir bT (01-12) ffiSr 

ffll>TGaN 0>(0001)ffiS:*«#^)»ffii:UT*iJffii"S» 

[0 0 19] El 1(A) KiS^X, #S 400 /xm 0(01-1) 
ffiCDSi?^ — it, ff£ 400// m<7? (01-12) ffiCOAl 2 0 
3 2£S«1-3o w^^r, SiOtlll] *f*]£Al 

2 o 3 co [O-lll] ifrfRiassRfKifca i9^i-5 0 

[0020] &oj;5 

^*3*^5o ^ffiWt£*^cAl 2 0 3 H9C< 
^9tfi«*Sftfc«W:45. 20 

[0021] «ci^e, ffi«»*ixfc^*-^Sr 400-10 
00t^fiareJteteai-*:ifcfcJ:9, 7ryfr!7^ 

[0 0 2 2] 01(B) I^SS^T, A1 2 0 3 2£J? 
SlO/imftlgtSo BKO tC*5t^T, A1 2 0 3 
— 2±lCff£ 5/zm<DnM(n-)AlGaN /f 3, ff$0.2 
/zmOInGaN S 4, ff£ (p-) AlGaN M 5£ 

M0VPE ttfc«fcO C©«CxW*^t^*«t8. /*fi 
JglOAlGaN £lnGaN <E>*ffitt (2-1-10) ffit *5 0 30 

[0 0 2 3] H1(D),(E) fc*5V*"C, Si<D[lll] 

6&tfn{B!im@ 7&m$rrz>o Hi(F) KSsv^T, Sio 
(ill) ffi-e»HISr*5rftv\ 300Mm(^*iR*S:» 

fifc^-So AlGaN irlnGaN OSMteftKlffiT-fc 5 

(0001)ffi£*afcft, #ftV*fc|«lffifc»o#«#«rfls 

[0 0 2 4] Wi, te^ffiBB«&«Jfi^5»£fc:o^T 
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(ill) ffi£SKftffi-efc9, ^^r^T^^-/Nffi^(o 

ooDffi-c&oT, *>y a^c^— /N^i^^T^rr^m— 
co[oi-io] *rti*WTfc4ftH«K:jb»). »bitfy*^ 

5Ra-»O(2-l-10)B5S:*a*tbT«V^ (»**3» 

/SO o 

© Atria s^y ^y^-^^ii y^HB-efcs 

.(111) BifiK4ffitf*>5, t77^7i?x- ^BB*«(0 
OODffiT-feoT, *>y />it7r'fT9x- 

^CO^ft*fitB8«aS^y 3^«>[lll] *^^f77^7 

OC-2110] *rft#^fc*5H«te*9, mttfVZ-t* 
mtn<0 (01-10) ffiSr*fi*i:b-Cfflv^5(|»**43* 
/&) o 

(111) ffi£&Sfr®T*$>t>, t77^77x-/sg^(o 
1-12) Stfcot, 5/!layi>x-/Nit7r-f7!>x 

TO [-2110] #faa«I^£tt5H«K:*0, »t#y* 
A3RW»*> (01-10) ffi«r*«»ibT«V^5 (»#*5 

[0 0 2 5] «*«t?H:, y yaffil'— iFfcoV^TBW! 

if Offing t>AlGaN/InGaN/AlGaN (D^ZT^^T aflfigUlR 
fe-f. 3I^S;friP#F (MOW) «W S 6 **36<0 u 

[0 0 2 6] 

[38W<0»*] *»WfcJ:9, GaN tftefcV* 

Ha 1 ] *mw<Dm&m<D%Lwm 

1 v-yn^(Si)S« 

2 ^^r^T(Al 2 0 3 ) 

3 n-AlGaN Jf 

4 InGaN J| 

5 p-AlGaN M 

6 pfflOSfti 

7 nffl!l«® 
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